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ABSTRACT 
 
A program based on Nutrient Requirements of Dairy Cattle (NRC, 1989; 
2001) was used for the prediction of the protein and net energy of lactation (NEL) 
requirement of dairy cows in fifty small-scale dairy farms located in Khartoum, 
Omdorman and Khartoum North based upon measurable, or observable, 
characteristics. The experimental design was completely randomized with 3×3 
factorial arrangement of treatments. The cows of each locality (Khartoum, 
Omdorman and Khartoum North) were divided into three groups according to milk 
yield (low: 0-6 kg/day; medium: 6-12 kg/day; high: 12 kg/day and above). The 
calculated protein and NEL requirements were compared with the actual protein 
and NEL intake. 
The average crude protein content in the DM of the rations was 29.5, 24.66 and 
24.05% for Omdorman, Khartoum North, and Khartoum, respectively. 
Both the locality and milk yield had a significant effect (p<0.05) on protein over 
supply which was higher for Omdorman (180.9%) compared to 141.9 and 108.4% 
for Khartoum North and Khartoum, respectively. However, the protein over supply 
was 101.8, 150.6 and 176.8% for high, medium and low milk yield cows, 
respectively. 
The energy used for urea synthesis and excretion, as percent of NEM, was 25.2, 
16.6 and 14.7% for Omdorman, Khartoum North and Khartoum, respectively, 
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however, low milk yield cows spent more energy for the synthesis and excretion of 
urea (20.4 %) followed by medium (18.8 % ) and high milk yield cows (17.3 % ). 
Moreover, producers in Omdorman, Khartoum North and Khartoum 
exceeded the total energy required for lactation by 81.4, 69.7 and 45.1%, 
respectively. The excess energy reached 100% of the total energy requirement for 
low milk yield cows, 53.3% for medium milk yield and 42.3% for high milk yield 
cows. 
In conclusion, producers in small-scale dairy farm in Khartoum state feed 
their herds’ excess amounts of CP and energy following "one size fits all" 
approach, resulting in more energy used for urea synthesis and excretion.  
Therefore, guidelines need to be developed for optimal production efficiency. 
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 ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ
  
ﺘﻘѧﺪﻳﺮ اﺣﺘﻴﺎﺟѧﺎت ﻟ ,CRN( 9891 )1002 ;ﻳﺮﺗﻜѧﺰ ﻋﻠѧﻰ اﻟﻤﺘﻄﻠﺒѧﺎت اﻟﻐﺬاﺋﻴѧﺔ ﻻﺑﻘѧﺎر اﻟﻠѧﺒﻦ اﺳѧﺘﺨﺪام ﺑﺮﻧѧﺎﻣﺞ ﺗѧﻢ 
، ﻘﻄѧﺎع اﻟѧﺼﻐﻴﺮ ﻓѧﻲ آѧﻞ ﻣѧﻦ اﻟﺨﺮﻃѧﻮم ﻣﺰرﻋѧﻪ ﻟﻸﻟﺒѧﺎن ﻣѧﻦ اﻟ  05 ﻓѧﻲ اﻟﺒѧﺮوﺗﻴﻦ واﻟﻄﺎﻗѧﺔ اﻟѧﺼﺎﻓﻴﺔ ﻻﻧﺘѧﺎج اﻟﻠѧﺒﻦ 
   .ﺑﺤﺮياﻟﺨﺮﻃﻮم اﻣﺪرﻣﺎن و
 :ﻣﺘﻮﺳѧﻂ  ;ﻳѧﻮم /آﺠѧﻢ  6-0 :ﻣﺘѧﺪﻧﻲ ) اﻋﺘﻤѧﺎدا ﻋﻠѧﻲ إﻧﺘѧﺎج اﻟﻠѧﺒﻦ ﻣﺠﻤﻮﻋﺎتﻟﺜﻼث ﻣﻨﻄﻘﺔ ﺗﻢ ﺗﻘﺴﻴﻢ اﻷﺑﻘﺎر ﻓﻲ آﻞ 
 ﻄﺎﻗѧﺔ اﻟѧﺼﺎﻓﻴﺔ ﻻﻧﺘѧﺎج اﻟﻠѧﺒﻦ ﺗﻢ ﻣﻘﺎرﻧﺔ اﺣﺘﻴﺎﺟѧﺎت اﻟﺒѧﺮوﺗﻴﻦ واﻟ (. ﻳﻮم ﻓﻤﺎ اﻋﻠﻲ /ﺠﻢآ21: ﻳﻮم وﻋﺎﻟﻲ /ﺠﻢآ 21 -6
  . اﻟﻤﺘﻨﺎوﻟﻴﻦLEN ﻄﺎﻗﺔ اﻟﺼﺎﻓﻴﺔ ﻻﻧﺘﺎج اﻟﻠﺒﻦﻤﺤﺴﻮﺑﻪ ﻣﻊ اﻟﺒﺮوﺗﻴﻦ واﻟ اﻟLEN
ﻓѧﻲ آѧﻞ ﻣѧﻦ  % 50.42 و 66.42 ، 5.92 آﺎن ﻣﺘﻮﺳﻂ اﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم اﻟﻤﻮﺟﻮد ﻣﻦ اﻟﻤﺎدﻩ اﻟﺠﺎﻓﻪ ﻓѧﻲ اﻟﻌﻼﺋѧﻖ 
إﻧﺘѧﺎج اﻟﻠѧﺒﻦ ﻟﻬﻤѧﺎ اﺛѧﺮ ﻣѧﺴﺘﻮى  و ﺤﻠﻴѧﺔ وﺟѧﺪ أن آѧﻞ ﻣѧﻦ اﻟﻤ . ﺑﺤﺮي واﻟﺨﺮﻃѧﻮم ﻋﻠѧﻰ اﻟﺘѧﻮاﻟﻲ  .،اﻟﺨﺮﻃﻮماﻣﺪرﻣﺎن
  ب ﻣﻘﺎرﻧѧѧﺔ%9.081ى آѧѧﺎن أﻋﻠѧѧﻰ ﻓѧѧﻲ اﻣѧѧﺪرﻣﺎن ﺬ واﻟѧѧ اﻟﺰاﺋѧѧﺪ ﻋѧѧﻦ اﻟﺤﻮﺟѧѧﺔ ﻓѧѧﻲ اﻟﺒѧѧﺮوﺗﻴﻦ( 50.0<p )ﻣﻌﻨѧѧﻮي
 و ﻣѧﻦ ﻧﺎﺣﻴѧﺔ أﺧѧﺮى ﻓѧﺎن اﻟﺒѧﺮوﺗﻴﻦ ، ﺑﺤﺮي واﻟﺨﺮﻃﻮم ﻋﻠѧﻲ اﻟﺘѧﻮاﻟﻲ  اﻟﺨﺮﻃﻮم  ﻓﻲ آﻞ ﻣﻦ 8014.%و  9.141
. اﻟﺘѧﻮاﻟﻲ  واﻟﻤﺘﺪﻧﻲ ﻋﻠﻲ ﻓﻲ اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲ واﻟﻤﺘﻮﺳﻂ  8.671% و6.051و  8.101 اﻻﺿﺎﻓﻰ آﺎن
 ﻟﻜѧﻞ ﻣѧﻦ MENﻣѧﻦ  7.41% و    6.61و 2.52     اﻟﻄﺎﻗѧﻪ اﻟﻤѧﺴﺘﺨﺪﻣﻪ ﻓѧﻲ ﺗѧﺼﻨﻴﻊ واﺧѧﺮاج اﻟﻴﻮرﻳѧﺎ آﺎﻧѧﺖ 
و ﻣﻦ ﻧﺎﺣﻴﺔ أﺧﺮى ﻓﺎن اﻷﺑﻘﺎر ذات اﻹﻧﺘﺎج اﻟﻤﺘﺪﻧﻲ أﻧﻔﻘﺖ . ﺑﺤﺮي واﻟﺨﺮﻃﻮم ﻋﻠﻲ اﻟﺘﻮاﻟﻲ اﻟﺨﺮﻃﻮم اﻣﺪرﻣﺎن و 
 ﺛѧﻢ اﻷﺑﻘѧﺎر ذات )% 8.81( ﺎج اﻟﻤﺘﻮﺳѧﻂ ﺗﻠﻴﻬﺎ اﻷﺑﻘﺎر ذات اﻹﻧﺘѧ %( 04.4)ﻃﺎﻗﻪ اﻋﻠﻲ ﻟﺘﺼﻨﻴﻊ واﺧﺮاج اﻟﻴﻮرﻳﺎ 
  )%3.71(.اﻹﻧﺘﺎج اﻟﻌﺎﻟﻲ
ﺤѧﺮي واﻟﺨﺮﻃѧﻮم ﻳﺘﺠѧﺎوزون اﺣﺘﻴﺎﺟѧﺎت اﻟﻄﺎﻗѧﻪ اﻟﺨﺮﻃѧﻮم ﺑ  اﻟﻤﻨﺘﺠﻴﻦ ﻓﻲ آﻞ ﻣﻦ اﻣﺪرﻣﺎن و  ﻓﺎن إﺿﺎﻓﺔ إﻟﻲ ذﻟﻚ 
ﻣѧﻦ إﻧﺘѧﺎج اﻟﻄﺎﻗѧﺔ % 001اﻟﻄﺎﻗﺔ اﻟﺰاﺋﺪ وﺻѧﻠﺖ . ﻋﻠﻰ اﻟﺘﻮاﻟﻰ  % 1.54 و 7.96 ، 4.18 اﻟﻠﺒﻦ ب اﻟﻜﻠﻴﻪ ﻹﻧﺘﺎج 
 ﻟﻸﺑﻘѧѧﺎر ذات اﻹﻧﺘѧѧﺎج %24.3ﻟﻸﺑﻘѧѧﺎر ذات اﻹﻧﺘѧѧﺎج اﻟﻤﺘﻮﺳѧѧﻂ و % 35.3ﺑﻘѧѧﺎر ذات اﻹﻧﺘѧѧﺎج اﻟﻤﺘѧѧﺪﻧﻲ و اﻟﻜﻠﻴѧѧﺔ ﻟﻸ
  .اﻟﻌﺎﻟﻲ 
ون ﻗﻄﻌѧﺎﻧﻬﻢ ﺬ اﻟﻤﻨﺘﺠﻴﻦ ﻓﻲ ﻣѧﺰارع اﻷﺑﻘѧﺎر ﻣѧﻦ اﻟﻘﻄѧﺎع اﻟѧﺼﻐﻴﺮ ﻓѧﻲ وﻻﻳѧﺔ اﻟﺨﺮﻃѧﻮم ﻳﻐѧ  ﻟﻠﺪراﺳﺔ ﻓﺎن ﺨﻼﺻﺔآ
 آﻤѧﺎ ان اﻟﻄﺎﻗѧﺔ ﻴﻊ واﺳﺘﺨﺮاج اﻟﻴﻮرﻳﺎ آﻤﻴﺎت زاﺋﺪة ﻣﻦ اﻟﺒﺮوﺗﻴﻦ ﻣﻤﺎ أدى إﻟﻰ زﻳﺎدة اﻟﻄﺎﻗﺔ اﻟﺘﻰ ﺗﺴﺘﺨﺪم ﻓﻲ ﺗﺼﻨ 
  . اﻻﻧﺘﺎﺟﻴﻪ اﻟﻤﺜﻠﻲﻟﻠﻜﻔﺎءﻩ ﻟﺬﻟﻚ هﻨﺎك ﺣﺎﺟﻪ ﻟﻤﻮﺟﻬﺎت ﻟﻠﻮﺻﻮل هﻰ اﻻﺧﺮى زاﺋﺪﻩ ﻋﻦ اﻟﺤﻮﺟﺔ
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CHAPTER ONE 
INTRODUCTION 
There are two major system of milk production in Sudan, modern and small-
scale dairy farms around cities and urban centers where irrigated forages (forage 
sorghum, maize, alfalfa and Rhodes grass) and concentrates are used (Habeeb 
allah, 1996).  
Small-scale dairy farms, where cattle are kept in a courtyard or fenced site 
and fed purchased fodder plus concentrate, are growing rapidly providing urban 
centers with most of their needs for milk. Owners of these farms feed their 
animals’ undetermined proportions of sorghum grains, wheat bran and oil-seed 
cakes as main ingredients in group-feeding irrespective to cow productivity. 
Productivity of ruminants is influenced primarily by feed intake which in 
turn is determined by feed digestibility and the capacity of the diet to supply the 
correct balance of nutrients required by animals in different productive states 
(Van Soest, 1982). Therefore the two major variables that needs to be considered 
are, the amounts and balance of nutrients required and the quantitative availability 
of nutrients from the diet. Feeding crude protein in excess amounts increases 
energy requirement for the synthesis and excretion of urea of urea from the body 
and the deficiencies of crude protein reduces digestibility of the diet (Cheek, 
1995). Accurate supply of nutrients to cattle can have several positive outcomes. 
Providing the required nutrients can increase the production potential, reduce feed 
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cost, and improve nutrient utilization thereby also reducing nutrient waste and 
decreasing environmental concerns. 
The hypothesis is that, the problem behind the weak performance of small-
scale dairy farms might be due to the feeding regime. 
Therefore, the objectives of this study are to: 
1) Quantify practices among small-scale dairy farmers toward using the 
nutrient requirements.  
2. Evaluate the impact of the conventional feeding on energy and protein 
utilization. 
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 PROTEIN: 
2.1.1 DEFINITIONS OF CRUDE PROTEIN:  
Dietary protein generally refers to crude protein CP which is defined for 
feedstuffs as the nitrogen content multiplied by the factor 6.25. The definition is 
based on the assumption that the average nitrogen content of feedstuffs 16g per 
100g of protein. The calculated CP content includes both protein and non protein 
nitrogen (NPN). However, feed stuffs vary widely in their relative proportions of 
true protein and NPN, in the rate and extent of ruminal degradation of protein, and 
in the intestinal digestibility and amino acids composition of ruminally 
undegraded feed protein.                          
 The NPN in feed and supplements such as urea and ammonium salts are 
considered to be degraded completely in the rumen (NRC, 2001). 
2.1.2 CHEMISTRY OF FEED CRUDE PROTEIN 
Feedstuff contains numerous different proteins and several type of NPN 
compounds. Proteins are large molecules that differ in size, shape, function, 
solubility and AA composition. Proteins have been classified on the basis of their 
three dimensional structure and solubility characteristics. Feedstuffs also contain 
variable amount of low molecular weight NPN compounds. These compounds 
include peptides, free AA, nucleic acid, amides, amines, and ammonia (NRC, 
2001). 
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2.1.3 AMINO ACID 
The cow has to break down protein to its building blocks (AA) before it can 
be absorbed. Most protein in the body are made up of twenty different amino acid 
the type of protein is determined by the sequence of amino acid making up that 
particular protein, approximately half of the amino acids used in building protein 
can be produced by the animal from other amino acids. These amino acids are 
referred to as non essential amino acids, the remainder of the amino acids can not 
be synthesized by the animal and therefore, must be present in sufficient quantity 
in the dietary protein to meet the requirement for milk production, maintenance of 
body tissue, reproduction, etc. These amino acids are called essential amino acids 
which mean that the animal has an absolute requirement for healthy and 
productive. 
2.1.4 PROTEIN DIGESTION IN THE DAIRY COW:- 
When a cow consumes a source of protein a certain portion of that protein 
usually passes through the rumen to the small intestine without being digested by 
rumen microorganisms, this fraction of dietary protein is referred to as 
undegraded protein or bypass protein (RUP).         
The proportion of dietary protein which bypasses the rumen will differ 
considerably depending on the source of protein in the diet. Part of the dietary 
protein is degraded by rumen bacteria and may utilize as nitrogen source for 
bacterial growth, this fraction is referred to as degraded protein (RDP). If more 
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protein is degraded than is necessary for bacterial growth, excess ammonia is 
absorbed, converted to urea in the lever and excreted in the urine (Bach et al., 
2005). 
Microbial protein synthesis in the rumen provides the majority of protein 
supplied to the small intestin of ruminants, accounting for 50to 80% of total 
absorbable protein (storm et al., 1983). UDP escapes degradation in the rumen but 
undergoes digestion and absorption in the lower gut, and utilized at tissue level 
(McDonald et al., 1988).            
2.1.5 UREA UTILIZATION AND EXCRETION  
Urea is a small organic molecule composes of carbon, nitrogen, oxygen and 
hydrogen. Urea is a common constituent of blood and other body fluids. Urea is 
formed from ammonia in the kidney and liver. In dairy cows blood urea will 
reflect not only the catabolism of protein by the ruminant tissues, but also 
catabolism of protein within the rumen by bacteria. Digestion of protein in the 
rumen releases ammonia which can be utilized by rumen bacteria or be absorbed 
into the blood stream .Ammonia absorbed from the rumen must be converted to 
urea for detoxification. Thus, in dairy cows there are entry points which may 
elevate blood urea. The first is rumen degradation of protein, and the second is 
degradation of protein by tissue. The capture of ammonia in the rumen will be 
influenced by grain intake, which improves rumen microbial growth. Therefore, 
digestion of protein and carbohydrates in the rumen will influence blood urea 
concentration in addition to tissue metabolism of energy and protein. Increasing 
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carbohydrate in the diet, which enhances rumen microbial production, will 
decrease rumen ammonia and thus decrease blood urea. Increasing the amount of 
energy absorbed from digestive processes will spare protein catabolism and result 
in lower blood urea levels (Stanton et al., 2006). 
2.1.6 METABOLIZABLE PROTEIN REQUIREMENT: 
The protein requirement includes that needed for maintenance and 
production.  
2.1.6.1 PROTEIN REQUIREMENT FOR MAINTENANCE: 
The maintenance requirement consists of urinary endogenous N, scurf N, 
and metabolic fecal N (NRC, 2001). Maintenance requirement, exclusive of 
MFN, is quantitatively of minor importance in dairy cattle. It is consist mainly of 
protein used to replace cells in blood, tissues and hair. The mobilized material 
will contribute of urea pool except the losses of skin scales and hair. The 
efficiency to replace these losses is estimated at 67% (Tamming et al., 1994). 
2.1.6.2 PROTEIN REQUIREMENT FOR PREGNANCY:- 
Nutrient requirement for pregnancy requires knowledge of the rates of 
nutrient accretion in conceptus tissues (fetus, placenta, fetal fluids, and uterus) 
and the efficiency with which dietary nutrients are utilized for growth of the 
conceptus. Estimate of protein requirements to support pregnancy are solely a 
function of day of gestation and calve BW. The requirement for metabolizable 
protein to meet the demands of pregnancy was derived from equation of Bell et 
al. (1995) which includes conceptus weight, calf birth weight and days of 
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gestation as variables. The efficiency with which MP is used for pregnancy 
(EffMPpreg) is assumed to be 0.33 because the experiments conducted by Bell  
included only animals more than 190 days pregnant and because the requirement 
for pregnancy are small before this time, pregnancy requirements are calculated 
only for animals more than 190 days pregnant. If the animals is between 190 and 
279 days pregnant, the equation to compute the weight of the conceptus (CW) is 
CW=18+(days preg-190)*0.665*(CBW/45)  where days preg = days pregnant and 
CBW = calf birth weight. The average daily gain due to pregnancy (ADG preg) is  
ADG preg =665*(CBW/45). 
The MP preg =(0.69*Days preg)-69.2)*(CBW/45)/EffMP preg . 
In the model, animals more than 279 days pregnant have the same requirements as 
animals that are 279 days pregnant. Protein required for lactation is based on the 
amount of protein secreated in milk  
2.1.7 EFFECT OF DEFICIENT OR HIGH CONCENTRATION PROTEIN 
IN THE DIET: 
If the diet is deficient in protein or if the protein resists degradation, the 
concentration of rumen ammonia will be low and the growth of rumen 
microorganisms will be slow, in consequence, the break down of carbohydrates 
will be retarded.               
Increasing the protein concentration of the diet of lactating dairy cow can often 
increase milk production. Daily milk production increased linearly from 36.6 to 
38.6 Kg as dietary protein content increased from 13.8 to 23% (Grings et al., 
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1991). However efficiency of use of dietary protein for milk production decreased 
as more protein was fed. If protein degradation proceeds more rapidly than 
synthesize, ammonia will accumulate in rumen liquor and the optimum 
concentration will be exceeded .When this happens, ammonia absorbs into the 
blood, carried to the liver and converted to urea. Some of this urea may be 
returned to the rumen via the saliva, and also directly through the rumen wall, but 
the greater part is excreted in the urine and thus wasted. If the food is poorly 
supplied with protein and the concentration of ammonia liquor is lower, the 
quantity of nitrogen returned to the rumen as urea from the blood may exceed that 
absorbed from the rumen as ammonia. 
The rumen microbes thus have a leveling effect on the protein supply of the 
ruminant. They supplement, both quantitatively and qualitatively, the protein of 
foods such as low quality roughages but have deleterious effect on protein-rich 
concentrates. It’s now an established practice to take additional advantage of the 
synthesized abilities of rumen bacteria by adding urea to the diet of ruminants. 
Amore recent development is the protection of good quality protein from 
degradation in the rumen, either by treating them chemically to reduce their 
solubility or by giving it in liquid suspensions that can be made to by pass the 
rumen via the esophageal groove (McDonald et al., 1988). Dairy cow drown body 
protein reserves during early lactation to sustain milk synthesis until crude protein 
intake increases to meet requirements for milk component synthesis and 
maintenance.  
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The ability of cows to store protein in body tissues during late lactation and 
the dry period is critical to their achieving high milk production during early 
lactation. However dairy cows do not possess labile protein reserves that are 
quantitatively equivalent to energy (Anderow et al., 1994; 1995) thus it is widely 
accepted that the only way to sustain rapid increases in productivity, particularly 
of milk protein, immediately postpartum is to enrich the diet with CP particularly 
with low ruminal degradability, so that more CP escapes the rumen undegraded to 
enhance intestinal delivery of absorbable protein (NRC, 1989; 2001).  
2.1.8 EFFECT OF PROTEIN ON REPRODUCTION:    
Excess dietary CP may inhibit fertility by suppression of the immune 
system through some nitrogenous compound that reduces the cow’s  response to 
an antigenic stressor (Barton et al., 1996)  included reduced conception, more 
days open, or delayed ovulation accompanied, in some cases, by lower plasma 
progesterone concentration. Jordon and Swanson (1979a) reported that a high 
dietary protein intake also influenced the plasma concentration of luteinizing 
hormone and progesterone. In a review of protein effects on reproduction, Butler 
(1998) concluded that excessive amount of either RDP or RUP could be 
responsible for lowered reproductive performance. However intake of digestible 
RUP in amounts required to adversely effecting reproduction with out a 
coinciding surplus of RDP would be uncommon.  
In most of studies reviewed by Butler (1998), excessive RDP rather than 
excessive RUP was associated with decreased conception rates. Garcia-Bojalil et 
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al. (1998) reported that RDP fed in excess (15.7% of DM) of recommendations 
decreased the amount of luteal tissue in ovaries of early lactation cows.  
Feeding dietary protein in excess of that required by the tissue may lead to 
cellular dysfunction throughout the body. Increased concentration of ammonia 
could have detrimental effects on fertility because it is toxic to mammalian cells 
(Visek, 1978). It is known that, ammonia inhibits the citric acid cycle of sperm 
(Jordan et al., 1983). In addition, abnormal increases in ammonia and urea N 
could increase the pH within the reproductive tract to a degree resulting in a 
tolerable yet suboptimal uterine environment, thereby reducing fertility as 
spermatozoa are most active and survive longest at a neutral pH (Jordan and 
Swanson, 1979b). Although most studies have indicated on adverse effect on 
reproductive performance of feeding high CP diets, others indicate no effect of 
diet CP in reproduction (Carrol et al., 1988; Howord et al., 1987). 
2.1.9 MEASUREMENT OF PROTEIN FRACTION IN FEED STUFFS 
CRUDE PROTEIN 
The most common analysis conducted on a feed sample is to measure its 
crude protein content. The term crude protein is used because both protein 
nitrogen and NPN is included in the analysis. Digestible crude protein was used 
for many years as standard measure of protein quality. It was measured as a 
difference between dietary protein and fecal protein. Although it is widely used in 
non ruminant animals it is not an appropriate measure of protein quality for 
ruminants due to the microbial degradation of protein in rumen. Protein fractions, 
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soluble, degraded and undegraded, is now common practice in formulating diets 
for dairy cattle to consider the quality of the protein source in addition to its 
concentration in the diet. 
Protein quality can be expressed in many different ways. For ruminant 
animals quality can be expressed in term of soluble protein, undegradable or by 
pass protein and degradable protein. The soluble fraction of protein source can be 
determined in the laboratory by measuring the percentage of the protein source 
which is soluble in water or a buffer solution. However, the proportion of total 
nitrogen in the soluble fraction of most feedstuffs is generally less than 50% and 
may be as low as 5%. The solubility of protein in buffer and their degradation in 
the rumen has been shown to be poor in many instances (Nugent et al., 1983; 
Mahadevan et al., 1980). Despite this limitation the solubility of a protein source 
can serve as a useful indicator of that nitrogen fraction which is potentially 
rapidly available to microorganisms in the rumen.  
The undegradable or bypass fraction can be estimated in a number of ways 
which include chemical procedure, use of cannulated animals where the amount 
of feed protein escaping digestion in the rumen can be measured and a nylon bag 
procedure where sample of the test feed are placed in pours bags which are then 
incubated in the rumen (Ørskov, et al., 1980). 
2.2 ENERGY: 
  Energy is first limiting in meeting animal requirements for maintenance 
and production, and protein is second limiting. Therefore the energy and protein 
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requirements must be discussed together, because the protein requirement is based 
on the energy allowable milk production in lactating cows and growth in 
replacement heifers. Energy is an important nutrient for dairy cows both before 
and after calving and there is no substitute for energy in the diet of ruminants. A 
balance of energy and protein is required even before calving and in the dry 
period. 
The important of energy after parturition is well known. Already in the first 
two to three weeks of lactation, energy from any source is important for the onset 
of ovarian activity (Buttler, et al., 1981; Terqui et al., 1982). Energy deficiency 
leads to silent heat, delayed ovulation and follicular cysts. Cows mobilized energy 
stores from their bodies to make up the difference between energy intake and 
energy output .this puts into a negative energy state. Lengths of time cow spend 
on negative energy states vary quite a pit, depending mainly on their ability to 
increase dry matter intake rapidly. Indeed, Dry matter intake is much more closely 
correlated to energy status than milk (Staples et al., 1990). Negative energy status 
of a cow is one of the most important factors affecting days to the first ovulation. 
Cows with poor body (negative energy) may not cycle until 60 days postpartum.  
2.2.1 MAINTENANCE REQUIREMENTS: 
Measured fasting heat production (Flatt et al., 1965) in dry non pregnant 
dairy cows averaged 0.073 Mcal/Kg BW0.75, however, an estimated fasting heat 
production using regression analysis suggested an identical value. Because these 
measurements were made with cows housed in tie stalls in metabolic chambers, a 
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10% activity allowance was added to account for normal voluntary activity of 
cows that would be housed in free stall systems, such that the maintenance 
requirement is set at 0.080 Mcal/Kg BW0.75 for mature dairy cow. 
Cows of similar size and breed may vary in their maintenance 
requirements, even under controlled activity condition, by as much as 8 to 10 % 
(Van Es, 1961). Very few direct comparisons have been made of the effect of 
dairy cattle breed on energy metabolism. Tyrrel et al. (1991) compared non-
lactating and lactating Holstein and Jersey cows. Although actual milk yields 
were grater for Holstein cows than for Jersey cows, energy out put in milk as 
function of metabolic weight was similar, and there was no evidence to suggest 
that energy requirements for maintenance or production different between breeds. 
2.2.2 LACTATION REQUIREMENTS: 
The NE required for lactation (NEL) is defined as the energy contained in 
the milk produced. The NEL concentration in milk is equivalent to the sum of the 
heats of combustion of individual milk components (fat, protein, and lactose). 
Reported heats of combustion of milk fat, protein and lactose are 9.29, 5.71, and 
3.95 Mcal/Kg, respectively. Frequently, milk fat and protein but not milk lactose 
is measured. Milk lactose content is the least variable milk component and is 
essentially a constant 4.85 % of milk and varies only slightly with breed and milk 
protein concentration.  
According to NRC (2001) NEL concentration in milk is calculated as: 
NEL (Mcal/ Kg) = 0.0929* fat % +0.0547 *crude protein % + 0.0395* lactose%. 
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When only fat and protein in milk are measured and the lactose content of milk is 
assumed to be 4.85 %, the NEL concentration of milk is calculated as:  
NEL (Mcal/Kg ) = 0.0929*fat %+0.0547 *crude protein % +0.192.  
2.2.3 ACTIVITY REQUIREMENT: 
  The energy required for maintenance includes a 10 percent allowance for 
activity which should provide sufficient energy for the usual activity of lactating 
cows that are fed in individual stalls dry lot system. At similar production, grazing 
cattle expend more energy than animals fed in confinement because the distance 
between the milking center and pasture is usually greater than the distance 
between the milking center and most confinement areas, grazing cattle may have 
to walk where elevations change, and grazing cattle spend more time eating than 
do confinement fed cattle. The increase in energy requirement for grazing cattle is 
largely a function of the distance walked, topography of the pasture, and BW 
(NRC, 2001). 
2.2.4 PREGNANCY REQUIREMENT 
The energy requirement for gestation is assumed to be 0 when the day of 
gestation is less than 190 and the maximum gestation length is set to 279 days 
(longer gestation periods result in no change in energy requirements).                 
Bell et al. (1990) derived an equation to estimate the ME requirement for 
gestation is ME (Mcal/d = (0.00318*D-0.0352)*(CBW/45)/0.14 where D= day of 
gestation between 190-279, and CBW is calf birth weight in Kilogram. To convert 
ME to NEL an efficiency of 0.64 was used, therefore the NEL requirement for 
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pregnancy is NEL (Mcal/d) = [(0.00318*D-0.0352)*(CBW/45)]/0.218 according 
to NRC (2001).  
2.2.5 INTERRELATIONSHIP BETWEEN ENERGY AND PROTEIN 
The interrelationship between protein and energy within the rumen and 
within the ruminant body can have tremendous effects on the overall pattern of 
nutrient use (Odham, 1984). Numerous studies (Bagg et al.,1985; Kertz et 
al.,1987; Radcliff, et al., 1997; Van Amburgh et al., 1998)  have evaluated dietary 
protein and energy on Holstein pre-pubertal heifer growth, yet few have evaluated 
protein and energy together as  a relationship, such as a ratio (CP:ME). Schurman 
and Kesler (1974) evaluated CP:ME ratio (49.3 ,52.2 ,and 89.7 g of CP per M/cal 
of ME) in ruminating calves 74 to 142 Kg of BW. The lowest CP :ME ratio ,49.3 
and 52.2 resulted in superior growth and feed efficiency While the 89.7 CP:ME 
ratio improved digestibility and N utilization. 
 
16 
 
CHAPTER THREE 
MATERIALS AND METHODS 
3.1 DATA COLLECTION AND EXPERIMENTAL DESIGN 
Fifty small-scale dairy farms located in Khartoum,  Omdorman and 
Khartoum North participated in this study. For each cow included in the study the 
following data were collected through a producer questionnaire: Cow body 
weight, parity, milk production, feed consumption, weeks of pregnancy and 
housing. Diets and milk samples were collected for routine analysis. Moreover, 
metrological data were collected during the study. 
The experimental design was completely randomized with 3×3 factorial 
arrangement of treatments. The cows of each locality (Khartoum, Omdorman and 
Khartoum North) were divided into three groups according to milk yield (low: 0-6 
kg/day; medium: 6-12 kg/day; high: 12 kg/day and above). 
3.2 CHEMICAL ANALYSIS 
Milk samples were analyzed for milk fat and total protein. For feed 
samples, proximate analysis was carried out according to AOAC (1990). 
ME for each diet was estimated from the chemical composition according 
to the following equation; ME (MJ/kg) = 0.12CP + 0.31EE + 0.05CF + 0.14 NFE 
(MAFF, 1975).         
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The efficiency of ME for maintenance and lactation is 0.62 and 0.64, 
respectively, (Moe and Tyrrell, 1972). 
 
3.3 CALCULATION OF PROTEIN AND ENERGY REQUIREMENTS 
A program based on Nutrient Requirements of Dairy Cattle (NRC, 1989; 
2001) was used for the prediction of the protein and net energy of lactation (NEL) 
requirement of dairy cows based upon measurable, or observable, characteristics 
of dairy cows on test farms.   
The calculated protein and NEL requirement is divided into the requirement 
for milk synthesis, maintenance and aspects of body tissue change.   
The calculated protein and NEL requirements were compared with the 
actual protein and NEL intake. However, consider the estimated protein and NEL 
requirements to be guide, rather than an absolute. 
3.4 STATISTICAL ANALYSIS 
Data were statistically analyzed as a 3×3 factorial arrangement in a 
completely randomized design. The factors were: (A) locality (Khartoum, 
Omdorman, Khartoum North); (B) milk yield (low, medium, high). The 
comparison among means was analyzed by the least significant difference using 
LSD procedure of the Statisticx® (Analytical Software, 2000).  
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The interaction between locality and milk yield was found statistically 
nonsignificant. Therefore, only the differences between the main effects were 
tested and discussed and are presented in the tables. 
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CHAPTER FOUR 
RESULT AND DISCUSSION 
The chemical composition of the ration for the different localities is 
presented in Table 1. The average crude protein content in the DM of the rations 
was 29.5, 24.66 and 24.05% for Omdorman, Khartoum North, and Khartoum, 
respectively, is above the critical level (19%) that has been shown to have 
negative effects on reproduction (Jordan et al., 1983; Elrod and Butler, 1993; 
Canfield et al., 1999).  
Both the locality and milk yield had a significant effect (p<0.05) on protein 
over supply (Table 2 and 3). The protein over supply was higher for Omdorman 
(180.9%) compared to 141.9 and 108.4% for Khartoum North and Khartoum, 
respectively. However, the protein over supply was 101.8, 150.6 and 176.8% for 
high, medium and low milk yield cows, respectively. Chase (2003) reported that, 
when CP intake increases about 37 to 50% of the N excreted by lactating dairy 
cows is in the urine. A high proportion of the urinary N is in the form of urea, 
which can be degraded to ammonia by the urease enzyme in the feces on the barn 
floor, and thus is the primary source of N emissions from a dairy barn which had 
a negative impact on environment.  
Since the excess amount of CP intake increases the energy requirements for 
the synthesis and excretion of urea from the body (Jonker et al., 1999; Chase 
1999; 2003), as expected results (Table 2 and 3), the energy used for urea 
synthesis and excretion was higher for Omdorman (25.2 % of NEM) compared to 
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16.6 and 14.7% of NEM for Khartoum North and Khartoum, respectively. 
However, low milk yield cows spent more energy for the synthesis and excretion 
of urea (20.4 % of NEM) followed by medium (18.8 % of NEM) and high milk 
yield cows (17.3 % of NEM). The same trend was observed for the energy used for 
urea synthesis and excretion as percent of NEL, which was higher for Omdorman 
(14.1 % of NEL) compared to 10.4 and 7.3% of NEL for Khartoum North and 
Khartoum, respectively, with low milk yield cows spent more energy for the 
synthesis and excretion of urea (14.3 % of NEM) followed by medium (10.5 % of 
NEM) and high milk yield cows (6.9 % of NEM). 
Moreover, producers in Omdorman, Khartoum North and Khartoum 
exceeded the total energy required for lactation by 81.4, 69.7 and 45.1%, 
respectively. The excess energy reached 100% of the total energy requirement for 
low milk yield cows, 53.3% for medium milk yield and 42.3% for high milk yield 
cows. 
Proper nutritional status is critical for optimal production efficiency in the 
dairy cow herd. However, milk producers often take a "one size fits all" approach 
to feeding the cows in the herd regardless of their productivity. This singular 
approach to nutrient supply for the cow herd can have serious nutritional and 
economic consequences. The increases of CP and NE over supply may lead to an 
increment in the diets cost with no benefits gained from this extra cost. The 
reduction in the protein will then be equal to the decrease in N excretion in faeces 
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and urine with a positive effect on the environment (NRC, 2003), feed cost and 
reproductive performance (Butler, 1998; Mc Cormick et al., 1999). 
In conclusion, producers in small-scale dairy farm in Khartoum state feed 
their herds’ excess amounts of CP and energy following "one size fits all" 
approach, that leads them to paid high tax in energy used for urea synthesis and 
excretion which may have a negative impact on production cost, reproductive 
performance and environment.  Therefore, guidelines need to be developed for 
better understanding of nutritional needs of the individuals within the cow herd 
for the improvement of economic efficiency for the small-scale dairy farm sector. 
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Table 1. Chemical composition (%) and calculated NE (Mcal/kg) of rations 
sample. 
 
 Khartoum  
(n=15) 
Khartoum 
North(n=13) 
Omdorman 
(n=15) 
OM 
       Mean 
       Max. 
       Min. 
       SD 
 
93.12 
91.03 
94.2 
1.01 
 
91.64 
83.01 
96.24 
3.45 
 
94.70 
97.70 
91.99 
1.37 
CP 
       Mean 
       Max. 
       Min. 
       SD 
 
24.66 
12.25 
35.53 
5.98 
 
24.05 
13.30 
42.35 
8.92 
 
29.50 
20.65 
54.25 
8.55 
CF 
       Mean 
       Max. 
       Min. 
       SD 
 
13.04 
8.59 
18.16 
2.77 
 
46.09 
16.67 
56.19 
9.20 
 
18.55 
27.22 
11.28 
5.82 
ME 
       Mean 
       Max. 
       Min. 
       SD 
 
2.89 
2.70 
3.10 
0.09 
 
2.12 
1.72 
2.66 
0.23 
 
2.80 
3.03 
2.64 
0.11 
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Table 2. Effects of locality on protein*, energy oversupply (%) and energy 
used for urea synthesis and excretion (% of NEM; NEL) in small-scale dairy 
farms. 
 Khartoum Khartoum North Omdorman  
Protein 
oversupply 
 
108.24ab±1
6.11 
141.88b±1
6.64 
180.94a±16.17
Energy 
oversupply 
 
45.11b±10.
22 
69.69ab±10
.63 
 81.44a±8.
93 
Energy used 
for urea 
excretion 
       (% of 
NEM) 
       (% of 
NEL) 
 
 
14.72b±2.6
5 
7.29b±1.92 
 
 
16.64b±2.4
2 
10.36ab±1.
75 
 
 
25.19a±2.49 
14.06a±1.79 
a-b: Means with different superscript in the same row differ significantly (P<0.05).                  
* Means ± SE. 
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Table 3. Effects of milk yield on protein*, energy oversupply (%) and energy 
used for urea synthesis and excretion (% of NEM; NEL) in small-scale dairy 
farms. 
 High Medium Low 
Protein 
oversupply 
 
101.79a±2.
76 
150.56a±1.
92 
176.83b±3.15 
Energy 
oversupply 
 
42.28b±12.
28 
53.32b±7.3
7 
 100.64a±1
3.02 
Energy used 
for urea 
excretion 
       (% of 
NEM) 
       (% of 
NEL) 
 
 
17.32±2.85
6.92b±2.06 
 
 
18.78±1.9
7 
10.47ab±1.
43 
 
 
20.44±3.25 
14.32a±2.35 
a-b: Means with different superscript in the same row differ significantly (P<0.05).  
* Means ± SE. 
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